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fOOOn Thepresentinventionrelatestopolycarbonateresin«jmpositionsforopticaluse.specifi^^ 

S^n compIiSions for optical use which have good mold release and thermal stabilrty. and show httle d«coloratK,n 

' S PolSrbonate resins have excellent transparency and heal resistance, and low moisture absorptioa and so 
are qood as optical materials. In the manufacture of optical products such as compact disks or laser disks, there is a 
need for continuous production. The polycarbonate resins used for such products must therefore also have excellent 

10 resins must have high thermal stability ... . ■ 

00031 Polycarbonates are usually manufactured by the phosgene process. However, polycarbonates obtained .n 
this way have the drawback of poor mold release, which complicates the continuous production of molded products 
from them. Polycarbonate compositions containing various added mold release agents are known, but those compo- 
sitions have problems when it comes to thermal stability. ,^ ^ n li-^i 

IS [00041 in addition, conventional polycarbonate resins tend to become discokjred when they are moWed. Op ica 
materials should be both transparent and also free of optical distortion. In order to obtain moldings with less optcal 
distortton the mowing temperature can be increased, or resins with lower average molecular weights can be used, to 
obtain better melt flow and thus minimize fomntfon of optical inhomogeneities. However, increasing the res-n temper- 



obtain betier meji now ana inu& ininniu<.o iwimaLw.. - 

ature during molding tends to cause more discotoration due to polymer degradatwn. Using polycarbonates w tt, lower 
Pierage mol^ular weights can result in pronounced molecular weight towering and discoloration dunng molding, as 

well as impaired mechanical properties. 

roOOSI Those problems are solved by the present invention, whose object is to provide polycarbonate resm compo- 
for^Tfcai^uses with good mokl release to facilitate 

"'^Sllresent inventton consists of a process for preparing a polycarbonate resin composition for optical use, 
containing 

A) 100 parts by weight of a polycarbonate having a viscosity-average nnolecular weight of from 1 2.000-18.000: 
0 001 -5 parts by weight of an a-olefin oligomer and, . , « , ^ • 

C) 0.00001 -0.00045 parts by weight of an acidic sulfur-containing compound having a pKa of 3 or less, or deriv- 
atives formed from such compounds and/or 

D) 0.00001 -0.2 parts by weight of a boron compound 

said process comprising: 

(a) preparing a polycarbonate resin having a viscosity average molecular weight of from 12.000-18.000 by melt 
Dolvmerization of an aromatic dihydroxy compound and a carbonate diester; and 

(b) addingtosaidpolycarbonateresinofstep(a)ana-olefinoligomer. an acidic 8Ulfur<ontauiing compound haw^^ 
a pKa of no more than 3 and/or a boron compound. 

roOOTl The polycarbonate resin compositions obtained by the method of the present invention have extremely good 
mold release They also show very little discoloration during mokJing. In addition, they have good themial stabilrty. so 
there is little fouling of molds in continuous productton, and little lowering of melt viscosity during molding These effects 
of the present inventton areadramatic improvement over those obsen^ed using polycarbonates made by the conven- 
tional phosgene process, or compounded with common mold release agents. The combination of polycarbonate and 
mold release agent provides the desired effect of the invention. „ko.««h^=i 
ro008] Thesepolycarbonateresincomposltk)nsareparticularlysultablefofuseinopticalapplications.suchasoptical 

disks lenses, optical fibers, light fixtures etc. , especially for compact disks and laser disks. ^ . , „ 

r00091 The first essential condition of the present invention is the use of polycarbonates whteh are ptoducts of melt 
Dolvmerizatton of aromatic dihydroxy compounds with carbonate diesters, and have viscosity-average molecular 
weiQhts of 12 000-18.000. As shown by the comparisons betow. such an effect cannot be achieved when ordinary 
polycarbonate obtained by the phosgene process are used, even when a-olefin oligomers are added. On the other 
han d using polycarbonates which are products of melt polymerization of aromatic dihydroxy compounds with caitonate 
diners, in accordance with the present invention, the characteristics discussed above can be dramatically impnwed 
ss bv the addilton of a-olefin oligomers. This is something completely unforeseen. 

rOOIOl The products of melt polymerization of aromatic dihydroxy compounds with carbonate diesters referred to 
here Include all polycarbonates obtained by a melt process using aromatic dihydroxy compounds and carbonate di- 
esters as the starting materials. The melt process itself is a known method of synthesizing polycarbonates by a trans- 
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esterification reaction between dihydroxy compounds and carbonate diesters in their molten state. 
mn Z'el no particular restriction on the aromatic dihydroxy compounds; any of the various types ol known 
compounds can be used. Examples include, but are not limited to, compounds represented by the fomiula 

(where R« and R" are each independently a halogen or a monovalent hydrocarbyl group; X is -CCR-^jCR")-, ' 
O S- -SO- or -SO,- Ro and R-^ are each independently a hydrogen atom or a monovalent hydrocarbyl group; is 
a divalent hydrocarbyl' group; and p and q are each independently an Integer 0-4). such as bis(4-hydroxyphenyl) 
methane 1 1 W WPhenyl)ethane, 2,2.bis(4-hydroxyphenyl)propane. 2,2-bis(4-hydroxyphenyl)butane, 
2 2-bis(4-hyd oxyphenyl)octane, bis(44iydroxyphenyl)phenylmethane. 2.2-bis(4-hydroxy-1-methylphenyl)propane, 
7 1 -bis 4-hydroxy tert-butylphenyl)propane, 2.2-bis(4-hydroxy-3-bromophenyl)ptopane 

kanes 1 l-bis(4-hydroxyphenyl)cyclopentane. i,l-bis(4-hydroxyphenyl)cyclohexane. and other bis(hydroxyaryl)cy- 
doies 4 2.dihydrox)JliphLyl^ether, 4,4-<lihyd 
dhSChenyl sulfide 4 4--dihydroxy-3,3'^^^^^^^ 

vdiphenW sulfoxide. 4.4'-dlhydroxy-3.3'-dimethyldiphenyl sulfoxide, and other dihydroxydiaryl su foxjdes; and 4^4j^- 
hvSd phenyl sulfone. 4.4-^ihydroxy-3.3--dimethyldiphenyl sulfone. and other dihydroxydiaryl sulfones. Of these, 
2 2-S-hyJ^^^^ preferably used. Other aromatic dihydroxy compounds which can be used include 

2S those represented by the following general formula 
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(where each R' is independentty a hydrocarbyl group having 1-10 carbons, a halogenated hydrocarbyl group having 
10 carb^s or a halogen atom; and m is an integer 0-4), such as resorcin, 3-methylresorcin. 3^thylresorcin. 3-pro- 
DvresociT 3.butylresorcin, 3-fert-butylresorcin, 3-phenylresorcin. 3-cumylresorcin. 2,3,4,6-tetrafluororeso|c.r^. 
2T4 eTlbromoLorcin, and other substituted resorcins; catechol; hydroquinona. 3-methylhydroqumone, 3.emyl- 
h;droqurne. 3-p,opylhydroquinone. 3^)utylhydroqu»ione. 3-rert.butylhydroquinone. 3-phenylhydroqu,none, 
SSSroqulnl. i3!5,6.tetra^^^^ 

ToSuinone 2 3.5,6-tetrabromohydroquinone, and other substituted hydroquinones; as well as 2.2.2 2 -tetrahydro- 
3A3\3'-tetramethyl-1 .1'-spirobi-[ 1H-indene]-7.7'-diol represented by the following formula. 

\3 / 3 




OH 



CH3 CH3 



r0012l These aromatic dihydroxy compounds may be used singly or in combinations of two or more. 

[0013] There is no partteular restriction on the carbonate diesters. either. Examples include, but are not limited to. 
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diphenyl carbonate, ditolyl carbonate, bis(chlorophenyl) carbonate, m-cresyl carbonate, dinapthyl carbonate, bis(diphe- 
nyl) carbonate, diethyl carbonate, dimethyl carbonate, dlbutyl carbonate, dicyclohexyl carbonate, etc. Diphenyl car- 
bonate is preferably used. 

[0014] These carbonate esters may be used singly or in combinations of two or more. 

5 [001 5] These carbonate diesters may also contain dicarboxylic acids or dicarboxylate esters. Examples of dicarbo- 
xy lie acids and dicarboxylate esters include aromatic dicarboxylic acids and their derivatives, such as terephthalic acid, 
isophthalic acid, diphenyl terephthalate, diphenyl isophthalate. etc.; aliphatic dicarboxylic acids and their derivatives, 
such as succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, decanedioic acid, 
dodecanedioic acid, diphenyl sebacate, diphenyl decanedioate, diphenyl dodecanedioate, etc.; and alicycllc dicarbo- 

10 xylic acids and their derivatives, such as cyclopropanedicarboxylic acid. 1 .2-cyclobutanedicarboxylic acid. 1 ,3-cyclob- 
utanedicarboxylic acid. 1 ,2-cyclopentanedicarboxylic acid. 1 ,3-cycIopentanedicarboxylic acid. 1 .2-cyclohexanedicar- 
boxyllc acid. 1,3-cyclohexanedicarboxylic acid. 1 ,4-cyclohexanedlcarboxylic acid, diphenyl cyclopropanedicarboxy- 
late, diphenyl 1,2-cyclobutanedicarboxylate, diphenyl 1,3-cyclobutanedicarboxylate, diphenyl 1 ,2-cyclopentanedicar- 
boxylate, diphenyl 1,3-cyclopentanedicarboxylate, diphenyl 1,2-cyctohexanedicarboxylate. diphenyl 1,3-cyclohexan- 

15 edicarboxylate, diphenyl 1,4-cyclohexanedicarboxylate, etc. These dicarboxylic acids and dicarboxylate esters may 
be used singly or in combinations of two or more. The carbonate diesters preferably contain no more than 50 mole%, 
more preferebly no more than 30 mole%, of such dicarboxylic acids and dicarboxylate esters. 
[0016] In the manufacture of the polycarbonates, in addition to the aromatic dihydroxy compounds and carbonate 
diesters, one can also use polyfunctlonal compounds having three or more functional groups per molecule. Such poly- 

20 functional compounds are preferably compounds having phenolic hydroxy groups or carboxy groups; those having 3 
phenolic hydroxy groups are particularly preferred. Examples of such preferred compounds include 1,1,1-tris(4-hy- 
droxyphenyl)ethane, 2,2',2'*-trls(4-hydroxyphenyl)diisopropylbenzene [sic], a-methyl-a,a',a'-tris-(4-hydroxyphenyl)- 
1 ,4-diethylbenzene. a, a', a"-tris-(4-hydroxyphenyl)-1.3,5-triisopropylbenzene. phloroglucin. 4,6-dimethyl-2.4.6-tri 
(4-hydroxyphenyl)heptane-2. 1,3,5-lri(4-hydroxyphenyl)benzene, 2,2-bis[4.4-(4.4'-dihydroxyphenyl)cyclohexyl]pro- 

25 pane, trimellitic acid. 1.3,5-benzenetricarboxylic acid, pyromellitic acid, etc. Particularly preferred are 1,1,1-tris(4-hy- 
droxyphenyl)ethane, a, a'.a"-tris(4-hydroxyphenyl)-1 ,3.5-triisopropylbenzene, etc. The polyfunctlonal compounds are 
preferably used in amounts of up to 0.03 mole, more preferably 0.001-0.02 mole, nrrast preferably 0.001-0.01 mole, 
per mole of aromatic dihydroxy compounds. 

[0017] Compounds which form one or more terminal groups represented by the formula 
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(where the aromatic ring or the chromanyl group may be substituted with hatogens or alkyi groups having 1 -9 carbons) 
can also be used in the manufacture of polycarbonates. Compounds capable of introducing hydroxyl groups (1 ) include 
50 diols such as bisphenol A. Compounds capable of introducing phenoxy groups (2) include phenol, diphenyl carbonate, 
etc. Compounds capable of introducing p-fert-butylphenoxy groups (3) include p-te/t-butylphenol. p-tert-butylphenyl 
phenyl carbonate, p-rert-butylphenyl carbonate, etc. Compounds capable of introducing p-cumylphenoxy groups (p- 
phenylisopropylphenoxy groups) (4) include p-cumyl-phenol, p-cumylphenyl phenyl carbonate, p-cumylphenyl carbon- 
ate, etc. Chromanylphenoxy groups (5) of the type indicated in the formula include those having the following formulas. 

55 
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Compounds capable of introducing groups represented by (5-1) Include 2.2.4-trimethyM-(4-hydroxyphenyl)chronrian, 
2,2.4,6-tetranriethyl-4-(3,5-dimethyl-4-hydroxyphenyt)chroman, 2,3,4-trimethyl-2-ethyl-4-(3-nonyl-4-hydroxyphenyl)- 
7-nonylchroman. 2.2.4-trimethyM-(3.5-di-ethyM-hydroxyphenyl)-6-ethylchroman. 2.2,4.6,8-pentamethyl-4- 

2S (3,5-dimethyl-4-hydroxyphenyl)chroman. 2,2.4-triethyl-3-methyl-4-(4-hydroxyphenyl)chroman, 2,2,4-trinnethyl-4- 
(3-bromo-4-hydroxyphenyl)-6-bromochroman, 2,2,4-lrimethyl-4-(3.5-dibromo-4-hydroxyphenyl)-6-bromochroman, 
2,2.4-trimethyl-4-(3.5-dibromo-4-hydroxyphenyl)-6.8<libronnochroman, etc. Of these. 2.2.4-trlmethyl-4-(4-hydroxy- 
phenyl)chroman is particularly preferred. Compounds capable of introducing groups represented by (5-2) include 
2,2,3-trimethyl-3-(4-hydroxyphenyl)chroman, 2,2,3.6-tetramethyl-3-(3,5-dimethyl-4-hydroxyphenyl)chroman, 2,3,4-tn- 

30 methyl-2-ethyl-3-(3-nonyl-4-hydroxyphenyl)-7-nonylchroman, 2,2,3-trimethyl-3-(3.5-diethyl-4-hydroxyphenyl)"6-ethyl- 
chroman, 2.2,3,6.8-pentamethyl-3-(3.5-dimethyl-4-hydroxyphenyl)chroman, 2.2.3-triethyl-3-methyl-3-(4-hydroxyphe- 
nyl)chroman, 2,2,3-trimethyl-3-(3-bromo-4-hydroxyphenyl)-6-bromochroman, 2,2.3-trlmethyl-3-(3,5-dibromo-4-hy- 
droxyphenyl)-6-bromochroman. 2,2.3-trimethyl-3-(3.5-dibromo-4-hydroxyphenyl)-6.8-dlbromochroman. etc. Of these, 

2.2.3- trimethyl-3-(4-hydroxyphenyl)chroman is particularly preferred. Compounds capable of introducing groups rep- 
35 resented by (5-3) include 2,4,4-trimethyl-2-(2-hydroxyphenyl)chroman, 2.4.4,6-t8tramethyl-2-(3,5-dimethyl-2-hydrox- 

yphenyl)chroman, 2,3,4-trimethyl-4-ethyl-2-(3,5-dimethyl-2-hydroxyphenyl)-7-nonylchroman, 2,4.4-trtmethyl-2- 
(3,5-dimethyl-2-hydroxyphenyl)-6-ethylchroman, 2.4.4,6,8-pentamethyl-2-(3.5-dimethyl-2-hydroxyphenyl)-6-ethyl- 
chroman, 2,4.4-trlmethyl-2-(3-bromo-2-hydroxyphenyl)chroman, 2,4,4-trimethyl-2-(3-bromo-2-hydroxyphenyl)-6-bro- 
mochroman, 2,4.4-trimethyl-2-(3,5-dibromo-2-hydroxyphenyl)-6-bromochroman, 2,4,4-trimethyl-2-(3,5<libromo-2-hy- 
40 droxyphenyl)-6,8-dibromochroman, etc. Of these, 2.2.4-trimethyl-2-(2-hydroxyphenyl)chroman [sic] is particularly pre- 
ferred. Compounds capable of introducing groups represented by (5-4) include 2,4,4-trimethyl-2-(4-hydroxyphGnyl) 
chroman, 2.4,4,6-tetramethyl-2-(3.5-dimethyl-4-hydroxyphenyl)chroman. 2,4,4-trlethyl-2-(4-hydroxyphenyl)chroman, 

2.3.4- trimethyl-4-ethyl-2-(3.5-dimethyl-4-hydroxyphenyl)-7-nonylchronian. 2,4,4-trimethyl-2-(3,5-cliethyU-hydroxy- 
phenyl)-6-ethylchroman, 2.4,4.6,8-pentamethyl-2-(3.5-dlmethyl-4-hydroxyphenyl)-6-ethylchroman, 2.4.4-trimethyl-2- 

4S (3-bromo-4-hydroxyphenyl)chroman, 2,4,4-trimethyl-2-(3-bromo-4-hydroxyphenyl)-6-bromochroman, 2,4.4-trimethyl- 
2-(3,5-dibromo-4-hydroxyphenyl)-6-bromochroman, 2,4.4-trimethyl-2-(3,5-dibromo-4-hydroxyphenyl)-6.8-dibromo- 
chroman, etc. Of these, 2,4,4-trimethyl-2-(4-hydroxyphenyl)chroman is particularly preferred. All of these compounds 
may also have halogen or C^.9 alky! substituent groups on the aromatic or the aliphatic rings. These compounds may 
be used singly or in combinations of 2 or more. In the present invention, the residues of these dihydroxy compounds 

so preferably make up no more than 50%, most preferably no more than 30%, of the total terminal groups. 

[0018] The amount of carbonate diesters used is preferably 1.00-1.30 moles, most preferably 1.01'-1.20 moles, 
per mole of aromatic dihydroxy compounds. The monomers should be made to react in the presence of a catalyst. 
[0019] The catalyst used may be. for example, one of the compounds proposed by the present applicants in the 
specification of Japanese Patent Application No. 285218. Preferred examples include (a) organic acid salts, inorganic 

55 acid salts, oxides, hydroxides, hydrides, or alcoholates of metals such as alkali metals or alkaline-earth metals. Specific 
examples of such compounds include, but are not limited to, sodium hydroxide, potassium hydroxide, lithium hydroxide, 
sodium hydrogen carbonate, potassium hydrogen carbonate, lithium hydrogen carbonate, sodium carbonate, potas- 
sium carbonate, lithium carbonate, sodium acetate potassium acetate, lithium acetate, sodium stearate. potassium 
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stearate, lithium stearate, sodium boron hydroxide, lithium boron hydroxide, sodium phenyl borate, sodium benzoate. 
potassium benzoate, lithium benzoate, disodium hydrogen phosphate, dipotassium hydrogen phosphate, dilithium hy- 
drogen phosphate, the disodium or dipotassium or dilithium salt of bisphenol A, the sodium or potassium or lithium salt 
of phenol, etc.; calcium hydroxide, barium hydroxide, magnesium hydroxide, strontium hydroxide, calcium hydrogen 

5 carbonate, barium hydrogen carbonate, magnesium hydrogen carbonate, strontium hydrogen carbonate, calcium car- 
bonate, barium carbonate, magnesium carbonate, strontium carbonate, calcium acetate, barium acetate, magnesium 
acetate, strontium acetate, calcium stearate. barium stearate. magnesium stearate, strontium stearate, etc. These 
compounds may be used singly or in combinations of two or more. The amount of such alkali metal compounds and/ 
or alkaline-earth metal compounds used is preferably 10"^- 10"^ mole, more preferably 10*^—10'* nrrale. most prefer- 

10 ably 1 0-^-8x 1 0-^ mole, per mole of aromatic dihydroxy compounds. 

[0020] In addition to these alkali metal compounds and/or alkaline-earth metal compounds, basic compounds (b) 
may also be used as catalysts. Examples of basic compounds include, but are not limited to, nitrogen compounds such 
as substituted ammonium hydroxides having alkyi, aryl. or alkaryl groups, e.g., tetramethylammonium hydroxide, tetra- 
ethylammonium hydroxide, tetrabutylammonium hydroxide, trimethylbenzylammonium hydroxide, etc.; tertiary amines 

IS such as trimethylamine, triethylamine, dimethylbenzylamine, triphenylamine, etc.; secondary or primary amines having 
methyl, ethyl, or other alkyI groups or phenyl, tolyl, or other aryl groups; ammonia; and basic salts such as tetrameth- 
ylammonium borohydride, tetrabutylammonium borohydride, tetrabutylammonium tetraphenylborate, tetramethylam- 
monium tetraphenylborate. etc. Of these, the ammonium hydroxides are particularly preferred. These basic compounds 
may be used singly or In combinations of two or more. 

20 [0021] In the present Invention, by using a combination of the above-mentioned 

(a) alkali metal compounds and/or alkaline-earth metai compounds, and 

(b) nitrogen-containing basic compounds, it is possible to obtain high-nnolecular-weight polycarbonates with high 
polymerization activity. 

25 

[0022] It is also possible to use a combination of 

(a) alkali metal compounds and/or alkaline-earth metal compounds, 

(b) nitrogen-containing basic compounds, and 
30 (c) boric acid and/or borate esters. 

When this type of combination is used as the catalyst, the (a) alkali metal compounds and/or alkaline-earth metal 
compounds are preferably used in the arrraunts specified above, and the (b) nitrogen -containing basic compounds are 
preferably used in amounts of 10-®- 10*^ nrwle, most preferably 10-5-10*2 mole, per mole of aromatic dihydroxy com- 
55 pounds. The (c) boric acid or borate esters are preferably compounds represented by the following general formula 

B(OR^)„.(OH)3.„. 

40 (where is a hydrogen atom, an aliphatic hydrocarbyt group, an alicyciic hydrocarbyl group, or an aromatic hydrocarbyl 
group, and n' is an integer 1-3). Examples include boric acid, trimethyl borate, triethyl borate, tributyl borate, trihexyl 
borate, triheptyl borate, triphenyl borate, tritolyl borate, trinaphtyt borate, etc. Of these, triphenyl borate is particularly 
preferred. The amount of (c) boric acid or borate ester used as a catalyst along with the above-mentioned compounds 
(a) and (b) is preferably 1 0*®- 1 0*^ mole, most preferably 1 0'^^ 1 0*2 nrrole, per mole of aromatic dihydroxy compounds. 

45 [0023] There is no restriction on conditions such as temperature and pressure during the melt polymerization reaction. 
The usual conditions for known processes can be used. The first-stage reaction is preferably carried out at 80-'250''C, 
more preferably 100-230"C, most preferably 120'-190°C, preferably for a period of O'-S hours, more preferably 0-4 
hours, most preferably 0.25~3 hours, at ambient pressure. Then the reaction between the aromatic dihydroxy com- 
pounds and the carbonate diesters proceeds as the pressure in the reaction system is reduced and the temperature 

so increased, and finally the reaction between aromatic dihydroxy confounds and carbonate diesters is completed in 
vacuo, preferably at 0.05-5 mm Hg and 24O~320"'C. 

[0024] The reaction between the types of aromatic dihydroxy compounds and carbonate diesters described above 
may be carried out continuously or batchwise. The apparatus used for this reaction may be a tank, a tubular reactor, 
or a reactbn column. 

ss [0025] The polycarbonates obtained by the melt polymerisatk)n reaction preferably have an intrinsic viscosity, meas- 
ured at 20**C in methylene chloride of 0.30-0.65 dL/g, most preferably 0.32-0.62 dL/g, especially if the resin composition 
is to be used for optical applications. 

[0026] The polycarbonates used in the process of the present invention are melt polymerization, and have a viscosity- 
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average molecular weight of from 12.000~ 18,000. If the viscosity-average molecular weight is below 12.000. there 
will be a marked decrease in molecular weight during molding, resulting in lower heat resistance and mechanical 
properties such as ductility and impact strength, and a tendency to crystallize easily causing molding problems. If the 
viscosity-average molecular weight exceeds 18.000. or the intrinsic viscosity is too high, the melt flow of the mateial 

5 wilt be lowered, making it necessary to mold at temperatures in excess of 400°C to get products with low optical 
distortion. At such temperatures it would be impossible to avoid decomposition of the resin, which could cause discol- 
oration or silver streaks or otherwise impair the transparency of the molded products. If the intrinsic viscosity is too 
low, there may be impairment of properties such as strength and heat resistance, and molding problems such as a 
tendency to crystallize easily. The viscosity-average molecular weight can be calculated from the intrinsic viscosity of 

10 the polycarbonate resin using the equation 



IS (where is the intrinsic viscosity (dl/g), the constant K is 1 .23x 10^, M is the viscosity-average molecular weight, and 
the exponent a is 0.83). 

[0027] The second essential condition in the present invention is that the resin composition contain 0.001-^5 wt. 
parts a-olefin oligomers per 100 wt. parts polycarbonates. 

[0028] There is no particular restriction on the a-o(efin oligomers; all oligomers made up of a-olefin units are included. 

20 Nor is their any restriction on the a-olefin itself. Examples, such as those listed in Japanese Early Patent Disclosure 
Publication No. 62-190250. include n-a-olefins having 6 to 12 carbons, of which 1-undecene is a representative ex- 
ample. The a-olefin oligomers are preferably chains of 2~7 repeating units, or mixtures thereof. It is also desirable 
that the oligomers be hydrogenated to eliminate any unsaturated bonds. Particularly preferred are 1 -undecene dimers. 
trimers, tetramers, pentamers. or mixtures thereof. Examples include 9-methyl-1 1 -rHXJtylheneicosane, and Emery 

25 3002®, Emery 3004®, and Emery 3006® manufactured by Emery Industries. 

[0029] Resin compositions obtained in accordance with the method of the present invention also may contain acidic 
sulfur-containing compounds having a pK^ of 3 or below, or derivatives of such compounds, in amounts of 
0.00001-0.00045 wt. parts per 100 wt. parts of polycarijonates, preferably 0.1-10ppm, most preferably 0.5-5ppm. 
These compounds make the polycarbonate resin compositions more heat resistant, in particular by inhibiting molecular 

30 weight reduction during molding. Any such compound having a pK^ of 3 or below, or any derivative thereof, may be 
used. Preferred compounds include those represented by the following formula 



40 (where is an alkyi group having 1 —50 carbons, in which halogen atoms may be substituted for hydrogen atoms; R2 
is a hydrogen atom or an alkyI group having 1-50 carbons, in which halogen atoms may be substituted for hydrogen 
atoms; and n is an integer 0—3). Specific examples of such compounds include, but are not limited to, sulfonic acids 
such as benzenesulfonic acid and p-toluenesulfonic acid; sulfonk: acid esters such as methyl benzenesulfonate, ethyl 
benzenesutfonate, butyl benzenesulfonate. octyl benzenesulfonate. phenyl benzenesulfonate, methyl p-toluenesul- 

4S fonate, ethyl p-toluenesulfonate, butyl p-toluenesulfonate, octyl p-toluenesulfonate, and phenyl p-toluenesutfonate; 
and compounds such as trifluoromethanesulfonic acid, naphthalenesulfonic acid, sulfonated polystyrene, methyl acr- 
ylate-sulfonated styrene copolymer, etc. It is also possible to use two or more of these compounds together. Butyl p- 
toluenesuffonate is particularly prefen-ed 

[0030] Polycarbonate resin compositions obtained in accordance with the method of the present inventbn may also 
so contain added boron compounds. The boron compounds may be boric acid or borate esters such as those listed 
previously as catalyst components, although they are not limited to those compounds. Compounds represented by the 
above-mentioned general formula B(OR3)p.(OH)3.„. are preferably used. A particularly preferred boron compound is 
triphenyl borate. Adding such boron compounds can prevent discoloration of the polycarbonate resin composition 
during molding, especially if they are added in combination with the type sulfur-containing compounds described above. 
55 The amount of boron compounds added is preferably 0.00001-0.2 wt. part, most preferably 0.00005-0.02 wt. part, 
per 100 wt. parts of polycarbonate. If boron compounds are added as catalyst components during polymerization of 
the polycarbonate, there is no need to add more after polymerization. 

[0031 ] If the amount of such boron compounds or acidic sulfur compounds or derivatives used is excessive, however, 




35 
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the water resistance of the polycarbonate resin composition may be lowered. 

[0032] Polycarbonate resin compositions obtained In accordance with the method of the present invention may also 
contain phosphorus compounds or carboxyiate esters added as processing stabilizers (antioxidants). Among the phos- 
phorus compounds which may be used are phosphate esters and phosphite esters. Examples of phosphate esters 

5 include trialkyi phosphates such as trimethyl phosphate, triethyl phosphate, tributyl phosphate, trioctyl phosphate, tri- 
decyl phosphate, trioctadecyl phosphate, distearyl pentaerythrityl diphosphate, trts(2-chloroethyl) phosphate, and tris 
(2,3-dichloropropyl) phosphate; tricycloalkyi phosphates such as tricyclohexyl phosphate; and triaryl phosphates such 
as triphenyl phosphate, tricresyl phosphate, tris(nonylphenyl) phosphate, and 2-ethylphenyl diphenyl phosphate. Ex- 
amples of phosphite esters include trialkyi phosphites such as trimethyl phosphite, triethyl phosphite, tributyl phosphite, 

10 trioctyl phosphite. lrls(2-ethylhexyl) phosphite, trinonyl phosphite, tridecyl phosphite, trroctadecyl phosphite, tristearyl 
phosphite, tris(2-chloroethyl) phosphite, and tris(2.3-dichloropropyl) phosphite; tricycloalkyi phosphites such as tricy- 
clohexyl phosphite; triaryl phosphites such as triphenyl phosphite, tricresyl phosphite, trls(ethylphenyl) phosphite, tris 
(2,4-di-tert-butylphenyl) phosphite, tris-(nonylphenyl) phosphite, and tris(hydroxyphenyl) phosphite; aryl alkyi phos- 
phites such as phenyl didecyl phosphite, diphenyl decyi phosphite, diphenyl isooctyl phosphite, phenyl isooctyl phos- 

is phite, and 2*ethy!hexyi diphenyl phosphite; as well as distearyl pentaerythrityl diphosphite. bis(2,4-di-tert-butylphenyl) 
pentaerythrityl diphosphite, and phosphite esters represented by the general formula 

P(OR^)3 

20 

(Where each R9 is independently an aliphatic hydrocarbyl group, alicyclic hydrocarbyl group, or aromatic hydrocarbyl 
group). One can also use hypophosphorous acid, pyrophosphoric acid, polyphosphoric acid, etc. Of these various 
compounds, phosphite esters are preferred, especially tris(2.4-dl-terf-butylphenyl) phosphite. Examples of carboxyiate 
esters, in addition to the compounds previously listed, include but are not limited to rhoctadecyl 3-(4'-hydroxy-3'.5'-di- 

25 ferr-butylphenyl)propkDnate, various albyclic diepoxy carboxylates, etc. Two or more stabilizers may be used together. 
These compounds are preferably used in amounts not exceeding 0.1 wt. part per 100 wt. parts of polycarbonate. 
[0033] Polycarbonate resin compositions obtained In accordance with the method of the present invention also pref- 
erably contain epoxy compounds, so that excess boron compounds or acidic sulfur compounds present in the resin 
composition will react with the epoxy compounds and be neutralized, making it possible to form moldings having ex- 

30 cellent cotor tone, heat resistance, water resistance, etc. The epoxy compounds used may be any compounds having 
one or more epoxy groups per molecule. Examples include, but are not limited to. epoxkJized soybean oil. epoxidized 
linseed oil, phenyl glycldyl ether, allyl glycidyl ether, tert-butylphenyl glycidyl ether. 3, 4-epoxycyclohexylmethyl 3, 
4-epoxycyclohexanecarboxylate, 3.4-epoxy-6-methylcyclohexylmethyl 3,4-epoxy-6-methylcyclohexanecarboxylate, 

2.3- epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate, 4-(3.4-epoxy-5-methylcyclohexyl)butyl 3,4-epoxycy- 
35 clohexanecarboxylate. 3,4-epoxycyclohexylethylene oxide, cyclohexylmethyl 3,4-epoxycyclohexanecarboxylate, 

3.4- epoxy-6-methylcyctohexylmethyl 6-methyIcyclohexanecarboxylate, bisphenol A diglycldyl ether, tetrabromobi- 
sphenol A glycidyl ether, the diglycldyl ester of phthalic acid, the diglycldyl ester of hexahydrophthalic acid. bis{epox- 
ydicyclopentadienyl) ether, bis-epoxyethylene glycol [sic], bis(epoxycyclohexyl) adipate, butadiene diepoxide, tetra- 
phenylethylene epoxide, octyl epoxy talate [sic], epoxidized poiybutadiene. 3,4<llmethyl-1.2-epoxycyclohexane, 

40 3,5.dimethyl-1,2-epoxycyclohexane. 3-methyl-5-tert-butyl-1,2-epoxycyclohexane. octadecyl 2.2-dlmethyl-3,4*epoxy- 
cyclohexanecarboxylate, n-butyl 2,2-dimethyl-3.4-epoxycyclohexanecariDoxylate. cyclohexyt 2-methy 1-3, 4-epoxycy- 
clohexanecarboxylate. rhbutyl 2-isopropyl-3.4-epoxy-5-methylcyclohexanecarboxylate. octadecyl 3.4-epoxycyclohex- 
anecarboxylate. 2-ethylhexyl 3',4'-epoxycycfohexanecarboxylate 4,5-dimethyl 2, 3-epoxycyclohexyl 3\4'-epoxycy- 
clohexanecarboxylate, 4.5-epoxytetrahydrophthalic anhydride, 3-tefr-butyl-4,5-epoxytetrahydrophthalic anhydride, di- 

45 ethyl 4,5-epoxy-c/s-1 ,2-cyclohexanedicarboxylate, dl-rvbutyl 3-fe/r-butyl-4,5-epoxy-c/s-1 .2-cyclohexanedicarboxylate, 
etc. These epoxy compounds may be used singly, or In combinations of two or more. There is no particular limitation 
on the amount of epoxy compounds used, but it is usually preferable to add 0.001-0.1 wt. part, most preferably 
0.001 -0.08 wt. part, per 100 wt. parts of polycarbonates. 

[0034] Polycarbonate resin compositions obtained in accordance with the method of the present Invention may also 
50 contain one or more common additives such as heat stabilizers, weather stabilizers, antistatic agents, slip agents, 
antiblocking agents, antifogging agents, lubricants, dyes, natural oils, synthetic oils, waxes, etc., in amounts which do 
not interfere with the object of the present invention. 

[0035] There Is no particular restriction on the method used to combine these components to form resin compositions 
In accordance with the present invention. Tne components may be mixed In any order For example, the a-olefin 
55 oligomers and any optional components may be added to the molten polycarbonate and kneaded, or the a-olefin 
oligomers and any optional components may be added to a solution of the polycarbonate and later kneaded. More 
specifically, the molten polycarbonate reaction product obtained on completion of polymerization may be mixed in the 
reaction vessel or extruder with the a-olefin oligomers and any optional components, either one after another or all at 
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once. Or the polycarbonate may be pelletized first, and the pellets then fed to a single-screw or twin-screw extruder 
along with the a-olefin oligomers and any optional components, and melt kneaded, it is also possible to dissolve the 
polycarbonate in a suitable solvent (e.g.. methylene chloride, chloroform, toluene, tetrahydrofuran. etc.). then add the 
a-olefin oligomers and any optional components to the solution, either one after another or all at once, while stirring. 

5 [0036] Polycarbonate resin compositions obtained in accordance with the method of the present invention are pref- 
erably subjected to a vacuum treatment. There is no particular restriction on the process or equipment used for vacuum 
treatment. For example, one could use a reactor having a vacuum device, or a vacuum-vented extruder. The reactor 
having a vacuum device may be either a vertical tank reactor or a horizontal tank reactor, although horizontal tank 
reactors are preferred. The vacuum-vented extruder may be either a single-screw or twin-screw extruder, which per- 

10 forms the vacuum treatment while pelletizing the polymer. If the vacuum treatment is performed in an evacuated reactor 
vessel, the pressure is preferably towered to 0.05-750 mm Hg, most preferably 0.05-5 mm Hg. If the vacuum treatment 
is performed in an extruder, the pressure is preferably lowered to 1-750 mm Hg, most preferably 5-700 mm Hg. Such 
a vacuum treatment is preferably performed at 240-350'*C. for a period of 5 minutes to 3 hours in a reactor, or 10 
seconds to 15 minutes in an extruder. Performing this kind of vacuum treatment makes It possible to obtain polycar- 

15 bonate compositions containing less residual nnonomers or oligomers. For example, in the case of melt polymerization 
using diphenyl carbonate as the carbonate diester. vacuum treatment can decrease the amount of residual diphenyl 
carbonate in the polycarbonate. The polycarbonate should preferably contain no more than 0. 1 wt. part, most preferably 
no more than 0.01 wt. part, of residual diphenyl carbonate. 

[0037] Resin compositions thus obtained, in accordance with the present invention, show good mold release and 
20 thermal stability, with very little discoloration or mold fouling when they are molded. 

[0038] The present invention will now be described in greater detail by means of some examples, although it is by 
no means limited to these examples. 

Examples 

25 

Reference Example 1 

Svnthesis of Polvcarbonate (PCI) bv Melt Process 

30 [0039] A 250-liter stirred tank reactor was filled with 0.44 kilomole of bisphenol A (from Nihon GE Plastics) and 0.44 
kilomole of diphenyl carbonate (from Eni Co.), then purged with nitrogen, and the contents were melted at 140'C. 
[0040] The temperature was raised to 1 80'G, 0.01 1 mole of triphenyl borate was added, and the mixture was stirred 
for 30 minutes. 

[0041] Then 0.00044 mole of sodium hydroxide and 0.11 mole of tetramethylammonium hydroxide were added as 
35 catalysts, and stirring was continued for 30 minutes, after which the temperature was raised to 210*0 as the pressure 
was gradually lowered to 200 mm Hg. After 30 minutes, the temperature was increased to 240X and the pressure 
gradually lowered to 15 mm Hg. The temperature and pressure were then kept constant, and the amount of phenol 
distilled off was measured. When phenol stopped distilling off. the reactor was pressurized to atmospheric pressure 
with nitrogen. The time required for the reaction was 1 hour. 
40 [0042] The intrinsic viscosity (r|) of the reaction product was 0.1 5 dL/g. 

[0043] The reaction product was then fed by a gear pump to a centrifugal thin-film evaporator for further reaction. 
The evaporator temperature and pressure were controlled at 270'C and 2 mm Hg. A gear pump was used to feed the 
product from the bottom of the evaporator at a rate of 40 kg/hr to a horizontal twin-impeller stirred tank (UD = 3, impeller 
blade diameter 220 mm. capacity 80 liters), where polymerization was continued at 280"»C and 0.2 mm Hg. with a 
45 residence time of 30 minutes. 

[0044] The molten polymer was then fed by a gear pump to a twin-screw extruder {UD = 17.5. barrel temperature 
285'*C), to which 2 ppm of butyl p-toluenesulfonate was added and kneaded into the polymer. The resulting polymer 
was extruder through a die to form a strand, and cut into pellets. 

[0045] The viscosity-average molecular weight of the polymer thus obtained was 1 5,500 and the intrinsic viscosity 
50 (IV) was0.49dl7g. 

Reference Example 2 

Synthesis of Lower-Viscosity 

55 

Polycarbonate (PC3) bv Melt Process 

[0046] A reaction product obtained as In the first part of Reference Example 1 . having intrinsk; viscosity {r\) 0. 1 5 dL/ 
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g, was fed by a gear pump to a centrifugal thin-film evaporator for further reaction. The evaporator temperature and 
pressure were controlled at 270'*C and 2 mm Hg. A gear pump was used to feed the product from the bottom of the 
evaporator at a rate of 40 kg/hr to a horizontal stirred tank with twin impellers (LTD = 3. impeller blade diameter 220 
mm. capacity 80 liters) where polymerization was continued at 2B(fC and 0.2 mm Hg, with a residence time of 30 
5 minutes. 

[0047] The molten polymer was then fed by a gear pump to a twin-screw extruder (UO = 17.5, barrel temperature 
285'C). to which 2 ppm of butyl p-toluenesulfonate was added and kneaded into the polymer, which was extruded 
through a die to form a strand, and cut into pellets. 

[0048] The tnlrinsic viscosity (IV) of the polymer thus obtained was 0.345 dUg. 

10 

Examples l'-3, Comparisons 1^-4 

[0049] The following components were combined in the proportions shown in Table 1 , mixed in a single-screw ex- 
truder (L/D = 17.5, temperature 280'C), and palletized. 

IS 

• PCI: polycartsonate obtained in Reference Example 1 

• PC2: polycarbonate made from bisphenol A by phosgene process (intrinsic viscosity 0.50 diyg) 

• Emery 3002®: a-olefin oligomer (average of 20 carbons per molecule) comprising 1 -undecene dimer, from Emery 
Industries 

20 • Emery 3004®: a-olefin oligomer (average of 31 cartjons per molecule). 89% 1 -undecene trimer and 11% 1 -un- 
decene tetramer, from Emery Industries 

• Emery 3006®: a-olefin oligomer (average of 31 carbons per rrolecule), 29% 1 -undecene trimer, 62% 1 -undecene 
tetramer, and 9% 1 -undecene pentamer. from Emery Industries 

• TSF437®: silicone oil, from Toshiba Silicone 
25 • Stabilizers: 

Stb1 : tris{2,4-di-f0rt-butylphenyf) phosphite [MK 21 1 2E®. from Adeka Argus] 
Stb2: n-octadecyl 3-(4*-hydroxy-3'.5'-di-te/t-butylphenyl)propionate 
Stb3: alicycllc diepoxy carboxylate (Celtoxide 2021 P®, from Dalcel] 

30 

[0050] The resulting pellets were fed to a single-screw extnjder {UD = 28. temperature 280»C). then to a 150-t 
injection-molding machine (cylinder temperature 280»C. mold temperature SO^'C) to form moldings (150 mm high. 80 
mm wide, 70 mm thick). 

[0051] The moklings thus obtained were evaluated as follows. 

35 

• Ejector Pin Force (kg,) (mean, n=1 0): The force applied by the ejector pin, measured during ejection of the moldings 

• Deformation by Ejector Pin: Each molding was examined visually for deformation at the point where the ejector 
pin struck it. 

• Mold Fouling (after 10.000 shots): The polished surfaces of the mold were examined visually for fouling after 
40 continuous molding of 3-mm plates (cylinder temperature 290*'C, injection pressure 1000 kg/cm2, cycle time 45 

sec, mold temperature 90**C) for 10.000 shots 

• Initial Yl (Yellowness Index): The X, Y, and Zvalues of the 3-mm plates (molded at cylinder temperature 290°C, 
injection pressure 1000 kg/cm^. cycle time 45 sec, mold temperature 90"C) were measured by the transmission 
method using an ND-1001 DP Color and Color Difference Meter (from Nippon Denshoku Kogyo), and the yeltow- 

45 ness index was calculated using the formula Yl = 100x(1 .277X- 1 .0602)// 

• Yl After 1 5 Minutes at 320'C ("320-1 5 Yl" in Table 1 ) : Injection moldings were prepared as above, except that the 
cylinder temperature was 320'*C and the composition was held in the cylinder for 15 minutes before injection, then 
the Yl of the moldings was determined as above. 

• Initial Ml (melt index): The melt Index of the pelletized compositkjn was measured by the JIS K-7210 standard 
so method, at 300»C with a load of 1 .2 kg. 

• Ml After 15 Minutes at 320'C ("320-15 MP in Table 1): Measured as for the initial Ml, using plates molded after 
holding up the resin for 15 minutes at 320°C as described above 

[0052] The results are shown in Table 1 . 

55 
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Table 1 



5 



10 



IS 



20 



Experiment* 


Ex. 1 


Ex.2 


Ex. 3 


Co. 1 


Co. 2 


Co. 3 


Co. 1 


Composition 








PC1 


100 


100 


100 




- 


100 


100 


PC2 








100 


100 






Emery 3004 


0.15 


0.3 


0.6 


0.3 


0.6 






TSF437 














0.3 


Stbl 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


Stb2 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


StbS 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


Characteristic 






Ejector Pin Force 


670 


618 


420 


625 


415 


you 


878 


Deformation by Ejector Pin 


none 


none 


none 


none 


none 


much 


much 


Mold Fouling After 10.000 Shots 


none 


none 


none 


some 


very much 


none 


none 


Initial Yl 


1.8 


1.8 


1.9 


1.8 


1.9 


1.7 


1.8 


320-15 Yl 


1.8 


1.9 


2.1 


2.2 


2.4 


1.7 


1.8 


Initial Ml 


10.8 


11.0 


11.0 


10.5 


10.9 


10.4 


10.7 


320-15 Ml 


11.2 


11.8 


11.8 


13.6 


14.0 


11.0 


11.6 



* Ex. -> Example. Co. Comparison 



[Examples 4-5. Comparisons 5-7J 

[0053] The following components were combined in the proportions shown in Table 2. and used to mold compact 
disks (CDs) 1 20 mm in diameter using a nickel stamper, with a cylinder temperature of 350"C. a cycle time of 7 seconds, 
and a mold temperature of 80'C. in a continuous operation for 24 hours. 

• PCS: polycarbonate obtained in Reference Example 2 

• PC4: polycarbonate made from bisphenol A by phosgene process 

• Emery 3004 

• Stbl 

• Stb3 

[0054] The resulting CDs were tested for the following characteristics. 

• Continuous Production Quality: Noted whether problems occurred during the continuous productk)n run 

• Stamper Fouling at 24 hours: After producing CDs continuously as described above for 24 hours, the stamper was 
examined visually for fouling 

[0055] The results are shown in Table 2. 



Table 2 



50 



Experiment^) 


Ex.4 


Ex.5 


Co. 5 


Co. 6 


Co. 7 


Composition 




PC3 


100 


100 






100 


PC4 






100 


100 




Emery 3004 


0.1 


0.3 


0.1 


0.3 




Stbl 


0.01 


0.01 


0.01 


0.01 


0.01 


StbS 


0,01 


0.01 


0,01 


0.01 


0.01 



1) Ex. -> Example. Co. Comparison 
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Table 2 (continued) 



5 



Experiment) 


Ex, 4 


Ex.5 


Co. 5 


Co. 6 


Co. 7 


Characteristic 


Suitability for Continuous Production 
Stamper Fouling After 24 Hours 


OK 
none 


OK 
none 


OK 
some 


OK 
much 


NG2) 



1) Ex. Example. Co. Comparison 

2) Continuous production impossible due to problems caused by poor mold release (disk sticking in mold, etc.) 



10 

[Examples 6-7, Comparisons 8-10 ] 

[0056] The following components were combined in the proportions shown in Table 3 mixed in a single-screw extruder 
{UD = 17.5. temperature aSO'C). and palletized. 

IS 

• PCI: polycarbonate obtained in Reference Example 1 

• PC2: polycarbonate made from bisphenol A by phosgene process (viscosity-average molecular weight 15,500) 

• Emery 3004®: a-olefin oligomer (average of 31 carbons per molecule) comprising 89% 1-undecene trimer and 
11% 1-undecene tetramer, from Emery Industries 

20 • Stabilizers: 

Stb1 : tris(2,4-di-f0rt-butylphenyl) phosphite [MK 211 2E®, from Adeka Argus] 
Stb2: alicyclic diepoxy carboxylate [Celloxide 2021 P®, from Daicel] 

25 [0057] The resulting pellets were fed to a single-screw extruder (UD = 28, temperature 280'C). then to a 150-t 
injection-molding machine (cylinder temperature 280'C. mold temperature 80"C) to fomi moldings (150 mm high. 80 
mm wide, 70 mm thick). 

[0058] The moldings thus obtained were evaluated as for Examples 1 -3 and comparisons 1 -4. 
[0059] The results are shown in Table 3 
30 [0060] The pellets prepared as above were used to mold compact disks (CDs) 120 mm in diameter using a nickel 
stamper, with a cylinder temperature of 350'C, a cycle time of 7 seconds, and a mold temperature of 80»C. in a con- 
tinuous operation for 24 hours. 

[0061] The CDs thus obtained were tested for the following characteristics. 

35 • Continuous Production Quality: Noted whether problems occurred during the continuous production run 

• Stamper Foulding at 24 hours: After producing CDs continuously as described above for 24 hours, the stamper 
was examined visually for fouling 

[0062] These results are also shown in Table 3 

40 

Table 3 



so 



55 



Experiment^) 


Ex.6 


Ex.7 


Co. 8 


Co. 9 


Co. 10 


Compositbn 


PCI 


100 


100 


100 






PC2 








100 


100 


Emery 3004 


0.1 


0.3 




0.1 


0.3 


Stbl 


0.01 


0.01 


0.01 


0.01 


0.01 


Stb2 


0.01 


0.01 


0.01 


0.01 


0.01 


Characteristic 


Initial Yl 


1.4 


1.4 


1.3 


1.4 


1.4 


320-15 Yl 


1.6 


1.6 


1.5 


2.0 


2.2 


Initial Ml 


10.5 


10.8 


10.5 


10.8 


10.8 



1) Ex. -» Example. Co. Comparison 
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Table 3 (continued) 



Experiment^) 


Ex.6 


Ex.7 


Co. 8 


Co. 9 


Co. 10 


Characteristic 






320-15 Ml 


11.8 


12.0 


11.8 


14.2 


16.5 


Suitability for Continuous Production 


OK 


OK 


NG2) 


OK 


OK 


Stamper Fouling After 24 Hours 


none 


none 




some 


much 



1) Ex. Example. Co. Comparison 

2) Continuous producUon impossible due to problems caused by poor mold release (disk sticking in mold, etc.) 



[0063] As can be seen from the examples, resin compositions in accordance with the present invention show better 
mold release and thermal stability, and consequently less mold fouling and better continuous production characteristics, 
than compositions having as their main component polycarbonate resins obtained by the phosgene process. Resin 
IS compositions in accordance with the present invention also have the advantage of showing very little discoloration of 
molecular weight decrease during molding. 



Claims 

1 . A process for preparing a polycarbonate resin compositfon for optical use, containing 

A) 100 parts by weight of a polycarbonate having a viscosity-average molecular weight of from 12,000-18.000: 

B) 0.001-5 parts by weight of an a-olefin oligomer and, 

C) 0.00001-0.00045 parts by weight of an acidic sulfur-containing compound having a pKa of 3 or less, or 
derivatives formed from such compounds and/or 

D) 0.00001-0.2 parts by weight of a boron compound said process comprising: 

(a) preparing a polycarbonate resin having a viscosity average molecular weight of from 12.000-18.000 
by melt polymerization of an aromatic dihydroxy compound and a carbonate diester; and 

(b) adding to said polycarbonate resin of step (a) an a-olefin oligomer, an acidic sulfur-containing com- 
pound having a pKa of no more than 3 and/or a boron compound. 

2. A method according to Claim 1 in which the a-olefin oligomer contains one or more compounds selected from the 
35 group comprising 1-undecene dimer, trimer, tetramer. and pentamer 

3. A method according to claim 1 or claim 2. in which the sulfur-containing compound is represented by the following 
general formula 



20 



2S 



30 



40 



4S 



50 



55 



3^ 



where is an alkyi group having 1-50 carbons, or such an aJkyI group having halogen atoms substituted for 
hydrogen atoms; R2 is a hydrogen atom, an alkyI group having 1 -50 carbons, or such an alkyI group having halogen 
atoms substituted for hydrogen atoms; and n is an integer 0-3 . 

4. A method according to claim 3, in which the sulfur-containing compound is butyl p-toluenesulfonate. 

5. A method according to any preceding claim in which the boron compound is represented by the general fomnula 

B(OR^n (0H)3^ 
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where is a hydrogen atom, an aliphatic hydrocarbyl group, an alicyclic hydrocarbyl group, or an aromatic hy- 
drocarbyl group, and n is an integer 1 -3 . 

6. The method of claim 5 wherein the boron compound is selected from the group consisting of boric acid, trimelhyl 
5 borate, triethyl borate, tributyl borate, trihexyl borate, triheptyl borate, triphenyl borate, tritolyl borate and trinaphthyl 

borate. 

7. A method according to any preceding claim in which melt polymerization step (a) is in the presence of lO'^-IO'^ 
mole of alkali metal or alkaline-earth metal compounds per mole of aromatic dihydroxy compounds. 

10 

Patentanspruche 

1. Verfahren zur Herstellung von Polycarbonatharzzusammensetzungen fOr optische Zwecke enthaltend: 

/5 

A) 1CX) Gewichtsteile eines Polycarbonate, welches ein Viskositatsmittel des Molekulargewlchts von zwischen 
12.000 und 18.000 hat: 

B) 0,001-5 Gewichtsteiie eines a-Oief in -Oligomers und. 

C) 0,00001-0.00045 Gewichtsteile einer sauren Schwcfel enthaltenden Verbindung, welche einen pKa von 3 
20 Oder weniger hat, Oder von Derivaten, die aus soichen Verbindungen gebildet srnd und/oder 

D) 0,00001-0.2 Gewichtsteile einer Bor-Verbindung wobei das Verfahren umfalBt: 

(a) daf) man ein Polycarbonatharz herstellt. welches ein Viskositatsmittel des Molekulargewlchts zwischen 
12.000 • 13.000 aufweist. durch Schmelz-Polymerisation einer aromatischen Othydroxy-Verbindung und 

2S eines Carbonatdiesters; und 

(b) da3 man zu dem Polycarbonatharz aus Schritt (a) ein a-Olefin Oligomer hinzufOgt, eine saure Schwefel 
enthaltende Verbindung. die ein pKa von nicht mehr als 3 hat. und/bder eine Bor-Verbindung. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB das a-Olefin-Oligomer eine oder mehrere Verbindungen 
30 enthalt ausgewahlt aus der Gruppe aufweisend 1 -Undecendimer. -trimer. -tetramer, und -pentamer. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet. daB die Schwefel enthaltende Vsrbindung durch die 
folgende aitgemeine Formal dargestellt wird 

3S 



40 




worin eine Alkylgruppe mit 1 - 50 Kohlenstoffen ist. oder soich eine Alkylgruppe, bei weteher Wasserstoffatome 
durch Halogenatome substituiert sind: ein Wasserstoffatom ist. eine Alkylgruppe mIt 1-50 Kohlenstoffen, oder 
4S solch eine Alkylgaippe. bei weicher Wasserstoffatome durch Halogenatome substituiert sind; und n eine ganze 

Zahl zwischen 0 und 3 ist. 

4. Verfahren nach Anspruch 3. dadurch gekennzeichnet. da3 die Schwefel enthaltende Verbindung Butyl p-Toluol- 
sulfonat ist, 

so 

5. Verfahren nach einem der vorhergehenden AnsprOche, bei welchem die Bor-Verbindung durch die alfgemeine 
Formel dargestellt wird 

55 B(0R')„{0H)3^ 

wo R3 ein Wasserstoffatom, eine aliphatische Kohlenwasserstoffgaippe. eine allzyklische Kohlenwasserstoff grup- 
pe ode; ein aromatische Kohlenwasserstoffgruppe ist und n eine ganze Zahl zwischen 1 und 3 ist. 
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varfahren nach Anspruch 5, dadurch gekennzeichnet. daB die Bor-Vorbindung ausgewahit ist aus der Gruppe 
^Sr^aus eSure. Trimetl,ylb«Jt. Triethylborat. Tributylborat. Trihexylborat. Triheptylborat. Tnphenylborat. 
Tritolylborat und Trinaphtylborat. 

Verlahren nach einem der vorhergshenden Anspruche, dadurch gekennzeichnet. daB der Schmelzpolymerisati- 
onsschritt (a) in Gegenwart von 10-8-1 0-3 Mol Alkalimetall- Oder Erdalkalimetallverbindungen pro Mol aromatscher 
Oihydroxyveiblndungen durchgefOhtt witd. 



to Revendieations 

1 . PfocW* de preparation d'une composition k base de rdsine de polycarbonate, destinde k Sue utillsde en optique. 
qui contient : 

IS A) 1 00 parties en poids d'un polycarbonate ayant une masse molfculaire moyenne. ddtemiinde k partir de la 

viscosit6, de 12 000 a 18 000, 

B) 0 001 & 5 parties en poids d'un oligom6re d'a-oWfine, et „ j o • 

C) o',00001 a 0,00045 partle en poids d'un compose acide contenant du soufre, ayant un pK, de 3 ou moins. 
ou de d6riv6s formds k partir de tels compos6s, et/ou 

D) 0.00001 k 0,2 partie en poids d'un d*riv6 du bore, ledit proc6d6 comprenant : 

(a) la preparation d'une r6sine de polycarbonate ayant une masse mol6culaire moyenne. determines k 
partir de la viscositd. de 12 000 ^ 18 000, par polymerisation k I'dtat fondu d'un compos* aromatique 
dihydroxyie et d'un diester carbonate, et .. ^ ■ 

lb) I'addition k ladite rdsine de polycarbonate de l'6tape (a) d'un ollgomSre d'a-olefine, dun compose 
ackJe contenant du soufre. ayant un pK, ne dSpassant pas 3. et/ou d'un d6rivd du bore. 

Proc6d6 seton la revendteation 1 , dans lequel I'oligomdre d'a-olefine est un oligom6re contei^t ^ 
composes choisis parmi le dimdre d'und6c6ne.l. letrimdred-undecdne-l. le t6tram6re d'und6c6ne-1 etiepenta- 

30 mdra d'und^cdne-l . 

Proc6d6 selon la revendicatlon 1 ou 2. pour lequel le composd contenant du soufre est repr6sente par la formule 
gdndrale suivante : 
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2. 



3. 



S03R2 



so 5. 



55 



dans laquelle represents un groupe alkyle ayant 1 & 50 atom^ de carbone ou un tel g«,upe JMe dont des 
atomes d'hydrogene sont remplaces pardes atomes d'halogene, represente un atomed'hydrogfene. un groupe 
alkyle ayant 1 k 50 atomes de carbone ou un (el groupe alkyle dont des atomes d'hydrogdne sont templaces par 
des atomes d-halogene. et n designs un nombre entier ayant une valeur de 0 a 3. 

4. Procede selon la r«vendication 3, dans lequel le compose contenant du soufre est le p-toluene-sulfonate de butyle. 

Precede selon I'une quelconque des revendicatkjns prec6dentes, pour lequel le derive du bore est reprtsente par 
la formule geneiale : 

B{OR=')„(OH)3^ 

dans laquelle R3 represente un atome d'hydrogene. un groupe hydrocarbyle aliphatique. un groupe hydrocarbyle 
altoyclkjue ou un groupe hydrocarbyle aromatique. et n d6signe un nombre entier ayant une valeur de 1 k 3. 



15 



BP 0 561 630 B1 



Proc6d6 selon la revendication 5. pour lequel le d6rivd du bore est choisi parmi racide borique, le borate de tri- 
m6thyle, le borate de trl6thyle. le borate de tributyle, le borate de trihexyle. le borate de triheptyle. le borate de 
triphenyle. le borate de tritotyle et le borate de trinaphtyle. 

Proc6d6 selon I'une quelconque des revendications pr6c6dentes. dans lequel on effectue l'6tape (a) de polym^- 
risation ^ r6tat fondu en pr6sence de 1 0-a ^ io-3 mole de ddriv^s de mdtal alcalin ou de mdtal alcallno-terreux par 
mole de compose aromatique dihydroxyl§. 
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